INTRODUCTION
Human immunodeficiency Virus (HIV) has caused significant socioeconomic crisis for the last few decades in sub-Saharan Africa (1) . The discovery of antiretroviral therapy (ART) was the breakthrough in care and treatment of people living with HIV, resulting in reduction in mortality and improvement in the quality of life. This has transformed HIV from untreatable condition into a chronic manageable disease (2) . However use of ART and other drugs used in HIV care has resulted in an increment in serious adverse drug reactions (ADR) some of which are lifethreatening conditions (3, 4) .
Adverse drug reaction is a response to a drug which is noxious and unintended. It is drug toxicity which occurs at doses normally used for prophylaxis, diagnosis, or treatment (5) . Among HIV patients, the possible causes for drug toxicity are antiretroviral (ARV) drugs themselves; drug used for prophylaxis and treatment of opportunistic infections (OI) and other concomitant medications (6, 7) . Adverse reactions occur with all ARV drugs and are among the major reasons for switching or discontinuing therapy as well as for medication non-adherence (8) (9) (10) . ADRs have thus become one of the most important limiting factors to the successful treatment of HIV (11) (12) (13) .
The magnitude of the problem significantly differs between developed and developing world due to various reasons (7) . Toxicities related to ART in the developing world, in sub-Saharan Africa in particular, are more prevalent because the regimens contain older and more toxic agents like stavudin (d4t), zidovudin (AZT) and nevirapin (NVP). In addition to these, patients late presentation with advanced disease state, occurrence of opportunistic infections and comorbid medical conditions like malnutrition have made the problem even worse (6, 7, 14) . Lack of laboratory monitoring and skilled professionals may also result in failure or delay in diagnosing specific toxicities and hence increasing their severity (6, 7, 12) .
In the year 2013, about 790,000 people were estimated to live with HIV in Ethiopia; with adult prevalence of 1.2% and 45,000 deaths annually (15) . Routine HIV care and free antiretroviral therapy (ART) services started in the country in 2005 (16) . This has resulted in a marked decrement in morbidities and mortalities related to the disease and improvement in quality of life. There are currently about 320,000 adults receiving ART in Ethiopia (17) . Few studies in the country have shown that ARV drug toxicity in Ethiopia is a common occurrence and major reason for ART regiment change or modification (9, 18, 19) . However, most of the studies lack generalizability due to small sample size focusing on limited facility in central Ethiopia. The aim of this study was thus to assess the magnitude and patterns of ARV drug toxicity in adult HIV patients at major tertiary hospitals in Ethiopia.
METHODS

Study design and setting:
This study is part of Advanced Clinical Monitoring (ACM) multicenter cohort. The ACM cohort was conducted in Ethiopia at seven teaching Hospitals located at various parts of the country (Addis Ababa, Hawassa, Jimma, Haramaya, Mekelle, Gondar and Army forces hospital). The cohort included both ART naïve and ART experienced adult and pediatric HIV positive patients.
This article presents findings of adverse drug reaction in adult HIV patients on ART. To involve all patients who were started on ART since the beginning of HIV care in Ethiopia, both retrospective and prospective cohort study designs were used. In the retrospective design, data was obtained from medical records of ART experienced patients since initiation of ART which covers the period of January 2005 to August 2009. The other group consisted of ART naïve patients who were enrolled since 2009. ART experienced patients who were still alive and on follow-up at the beginning of the prospective design were followed in the same way as prospective group.
Baseline data collected from participants included socio-demographic profile, general medical conditions, laboratory parameters and components of HIV care given to them (ART regimen, treatment for OI and prophylaxis given). Participants were subsequently followed for occurrence of adverse reactions related to ART using clinical parameters and laboratory data where applicable. A particular emphasis was given to the first 6 months after ART initiation as most of the toxicities tend to occur during this time (7) . These data were obtained from medical records for patients who were started on ART before 2009 (before recruitment started).
Assessment for ADR was done by physician working at ART clinics at respective hospitals. Patients were assessed on each visit using checklists prepared for routine follow-up evaluation. National guidelines (and WHO recommendations if applicable) for timing of hematologic and blood chemistry evaluation were followed. In patients with suspected ADR, all necessary laboratory tests were done as needed. Inclusion and Exclusion Criteria: To assess ART related adverse drug reactions, this study included all adult ACM cohort participants who were either ART naïve or ART experienced HIV positive patients at the start of the cohort. Only participants of age 18 years or older at enrollment were included in this study. Accordingly, a total of 3921 adult HIV positive patients from seven teaching hospitals in Ethiopia were included in this study for analysis of ART drug toxicity. Large proportion of the participants, 2304 (58.8%) belonged to ART experienced group.
Patients who died or were transferred out within a week of ART initiation and those who were on ART for the same duration at the last recruitment were not included in this study.
Definition of outcome variables:
The outcome of interest in this study was drug toxicities. An algorithm was developed to identify drug toxicities meeting the operational definition based on World Health Organization (WHO) criteria for ADR (5) (Annex 1).
Adverse drug reactions in patients on ART were identified based on clinical and/or laboratory data. Only clinical conditions known to arise from potential agent, in the absence of other compelling medical conditions, were attributable to ADR. Mild medical conditions which commonly occur in the general public but can be attributable to the drugs were excluded from this list unless specified and there was clear evidence for direct contribution by the agent. In most cases this refers to gastrointestinal disturbances (dyspeptic symptoms) which in most of the patients have been reported before or after ART initiation. Major gastrointestinal upset reported by patient to be worsened after these medication or has resulted in their discontinuation due to these conditions were considered as evident drug toxicity.
Severe or life threatening toxicity was defined based on clinical or laboratory evidences classified as grade 3 or 4 by WHO criteria (Annex -1). All forms of toxicities resulting in hospitalization, major disability, changing or discontinuation of the culprit agent were categorized in this group.
In cases of multiple occurrences of toxicities in a single patient, the count was based on the systems involved and time of occurrence. Multisystem complications that were due to single mechanism were counted as one (e.g lactic acidosis and pancreatitis due to stavudin were considered as related toxicities if occurred within one week of each other). However, if the pathophysiologic mechanisms were different, they were counted separately (e.g., anemia and lactic acidosis in zidovudin were considered as separate forms of toxicities). Similar toxicities, toxicities of similar pathophysiology or of the same spectrum occurring within one week of each other and nonresolving ones were counted as one type of toxicity. All forms of toxicity were classified based on their severity and body system affected.
Data quality assurance: Data collectors were trained and regularly supervised by Johns Hopkins Technical Support for the Ethiopian HIV/AIDS Initiative (TSEHAI). Refresher trainings were given to sites based on gaps identified. Standard reporting formats were used to minimize interpersonal variation and Variation between sites. All incoming staffs (physicians and nurse) were trained on entry.
Data management and Data analysis:
The data was initially computerized using Microsoft access. This data was exported to SPSS version 20 and STATA version 12 for analysis. Tableau version 8 was also used to portray the trends in toxicity.
Because toxicities are more likely to occur during the initial period of exposure to ART, we calculated the six-month incidence of drug toxicity as a probability of a participant experiencing one or more drug toxicities during the first six months from initiation of ART. The crude incidence rates of toxicity per 100 person-years on ART was calculated by summing the total number of occurrences of toxicity and dividing this total by the summed person-time of each participant from ART start to either the time patient left the study or study terminated.
Incidence of toxicity was estimated using random effects multivariable Poisson regression analysis. Potential risk factors to be included in multivariable model were selected if p-value in the bivariate analysis was less than 20%. Clustering at site level was adjusted both in univariate and multivariable analysis. We also calculated stratified incidence rates for each year that patients took ART. It was acknowledge that each participant might have one or more incidence of toxicity. The six-month incidence and incidence rates of all toxicities combined and of each severity category was calculated separately. Homogeneity of the 6-month incidence across sites was assessed using the Breslow-Day test and homogeneity of the incidence rates across sites was assessed using a chi-square test.
Ethical considerations: Ethical clearance of the study was obtained from Ethiopian Public Health
Institute, Minister of Science and Technology of Ethiopia and Center for Diseases Control and prevention (CDC), Atlanta, USA. Written informed consent was obtained from all participants before recruitment. Data was collected using numerical codes and will remain anonymous.
RESULTS
Baseline characteristics: ACM cohort of 3921 adult HIV patients who were on ART were assessed for the occurrence of ART drug toxicity; 62% of them were women. The mean age at ART initiation was 34.5 years (SD =9.2) and 75% were between 25 and 44 years of age. More than 60% of the participants had baseline body weight of less than 55 kilograms. Nearly 60% of the participants reported use of some form of substance; 6.7% have used hard drugs including morphine and cocaine. The majority of the participants were at advanced staged of their HIV at initiation of ART; 65.9% had WHO stage ≥3 disease and 69.7% had CD4 count of <200. In terms of functional status, 4.4% of the patients were bedridden at baseline (Table 1) . The initial ART regimen in all patients was a combination of two nucleoside reverse transcriptase inhibitors (NRTI) and one nonnucleoside reverse transcriptase inhibitor (NNRTI). The most commonly prescribed NRTIs were AZT (38%) and d4t (33.1%). However, this trend changed after the introduction of tenofovir (TDF) in 2009 which was used as an initial NRTI in 53.6% of the cases since then. Efavirinez (EFV) and NVP were the only NNRTs prescribed; the latter was used in 56.5% of the patients. All but one patient took lamivudine (3TC) as the backbone of the entire regimen.
Over 90% (3585) of them were on cotrimoxazole prophylactic treatment (CPT) while only 4.1% (160) were prescribed isoniazid (INH) preventive therapy (IPT) at time of ART initiation; 15.4% (604) were taking anti-tuberculosis treatment.
The mean follow-up period of patients on ART was 43.7 (SD =28.7) months with median follow-up of 41.6 months. There was significant difference in the mean follow-up of patients in Experienced group (mean = 60.3; SD = 24.5; median = 64.8 months) and Naïve group (mean = 19.2; SD =13.1; median 18.5 months). Patterns of adverse drug reaction: Overall, there were 1253 incidents of ADR reported during the follow-up period. Of these, 542 (43.3%) were severe or life threatening toxicities. The rate of toxicity was the highest in the first 6 months after ART initiation; 31.8% occurred during this period with the trend gradually decreasing overtime (Fig  1) . In general, ADR was reported in 867 (22.1 %) of the participants over the follow-up period; 374 (9.5%) had severe forms. Of those with ADR, 240 (27.7%) had more than one incident. The incidence rate of ADR over follow-up time was 9 per 100 person years. The incidence of toxicities was highest in the first 6 months of ART initiation with incidence rate of 22.4 per 100 person years.
About 87% of reported toxicities were limited to three organ systems -the skin (36.6%), nervous system (35.4%) and blood (14.9%). While most of dermatologic ADR were milder forms, about 67.0% of severe forms of adverse events were neurologic (Fig 2) . Moreover, over 80% of neurologic toxicities were classified as severe forms which have resulted in either disabilities or hospitalization or regimen change. Most of the patients with neurologic toxicities and all with severe forms were taking d4t at the time of the toxicity incidence.
Figure 2: Types of ADR by system affected in HIV patients on ART at tertiary hospitals in Ethiopia
The incidence rate of adverse events in the first six months by year of ART start (2005 -2013) ranged from 11.9 to 36.8 per 100 person year. In general, the 6 months and overall incidence rate of ADR were higher in patients who started on ART since the 2009 as compared those who started earlier ( Table 2) . , and concomitant anti-TB treatment were independent predictors of ADR in the first 6 months (Table 3) .
Similar analysis for patients started on HAART since 2009 (prospectively recruited patients) showed that lower educational status, lower CD4 count (<200), and concomitant TB treatment were independent predictors of ADR (Table 4) . When severe forms of toxicity were analyzed separately, marital inconvenience (being divorced or separated) and concomitant TB treatment remained independent predictors. AZT-EVF containing regimen was also found to result in 71% decrement in severe toxicity as compared to TDF-NVP containing regimen (Table 5) . It is thus evident that anti-tuberculosis treatment in the first 6 months of HAART in initiation was found to be the strongest independent predictor of ADR; any form of ADR increased by 67% in those taking TB treatment (Table 3) while severe forms were found to be 3 times higher.
DISCUSSION
Toxicities related to ART drug were widely prevalent among HIV patients on follow-up in tertiary hospitals in Ethiopia; significant proportion of them resulted in serious morbidities. Toxicities were found to be highest in the first 6 months of ART initiation. Concomitant antituberculosis treatment was found to be an independent predictor of adverse drug reaction due to ART.
All of the participants were started on combination of two NRTIs and NNRTI adhering to WHO's recommendation for resource limited settings (20) . Most of patients taking d4t were shifted to TDF since 2009 after revision of national guidelines in 2008 (16). As a result, the proportion of patients starting on d4t containing regimen dropped from 70% in 2006 to 1% in 2013. However, the fact that some patients were still started on stavudin containing regimen (42 patients in 2010, 4 in 2011, 3 in 2012 and 2 in 2013) years after revision of the guideline should not pass unnoticed.
The overall prevalence of ADR of 22.1% in our study is comparable with findings from the developing world; 19.5% in Cameroon (21), 26.8% in India (22) . However, the incidence rate is much higher than findings in Nigeria of 4.6 per 100 person years (23) . Because of the very nature of occurrences of ADR due to ART, neither assessment of the total prevalence of the problem nor the overall incidence rate tell the exact magnitude of the problem. Longer exposure to the drugs may inflate the prevalence and overall incidence rate of ADR. However, more serious and common toxicities occur during the initial phase of ART (7). Hence, comparison between studies may not be straight forward.
Consistent with global data, incident toxicities in our study were found to be more common in the first 6 months of ART initiation (4, 7, 24) . Patients with advanced disease at ART initiation in particular are at higher risk of ADR (25, 26) . However, neither WHO stage of the disease nor CD 4 count at ART initiation was associated with occurrences of ADR in our study. This may be partly explained by the fact that most the study participants had advanced WHO stage and low CD 4 count at HAART initiation. Additionally, failure to detect and report milder forms of ADR may explain the absence of this relationship. Despite using standardized reporting format for any ADR, it is well documented that both highly trained professionals and patient underreport milder forms (27, 28) . We thus believe that milder dermatologic manifestations and gastrointestinal symptoms might have been underreported by patients and overlooked by treating physician as non-life threatening event.
Early toxicities are also known to be worsened with concomitant OI treatment (29) . Though INH and Cotrimoxazole prophylaxis for OIs were not associated with increased toxicities in our study, concomitant anti-tuberculosis admiration was found to be the strongest predictor of ADR. Overlapping toxicities between HAART and anti-TB drugs has been well documented and know to hamper success of the treatment (30) . While this has been an issue, the benefit of addressing the two infections should take priority.
When years of ART initiation were compared, incident toxicity was found to be more common in those who started ART since 2009. This difference is mainly due to design effect. Data for patients who started ART before 2009 was obtained only retrospectively and incident toxicities could have been under reported. When only prospectively cohorts were analyzed separately, the effect of year of ART initiation disappears. We believe that the lowest incidence of toxicities in prior years was mainly due to underreporting than other reasons. Besides, as experience in HIV care has improved over the last many years in the country, detection rate of all forms of adverse reaction has expectedly improved resulting in the increment in the rate of reported ADR. Even though this study is multicenter large scale cohort in Ethiopia, there are certain limitations worth mentioning. First of all, the data prior to 2009 were collected from medical records only. As a result, certain ADR, the non-life threatening ones, could have been underreported. Secondly, some of the adverse reactions diagnosed on clinical ground only were based on treating physician's diagnosis which might have also resulted inconsistence across sites and underreporting. Last but most importantly, the study was based in tertiary/university hospitals in the country with better laboratory facilities and more qualified professionals in HIV care. Hence, the findings may not be generalizable to all HIV patients in Ethiopia.
In conclusion, ADR due to ART drugs has been found to be highly prevalent in HIV patients on follow-up at tertiary hospitals in Ethiopia. A significant proportion was found to be serious adverse reactions resulting in admissions and/or regimen changes. ADRs were prominent during the first 6 months after ART initiation. Concomitant administration of full antituberculosis regimen was the strongest independent predictor for the occurrence of these toxicities. Thus, routine clinical and laboratory monitoring of patients on ART should be strengthened with particular emphasis in the first 6 months. High risk patients (those with comorbidities, advanced immunosuppression and concomitant OIs) should be actively identified before ART initiation. These patients should be effectively treated for the OIs or comorbidities, if possible, before ART initiation. Selection of ART regimen should also put into consideration their other medical conditions. Strategies should also be devised to replace older and more toxic agents with newer and safer drugs available. All facilities rendering ART service should follow standard reporting method for incident ADR related to ART and OI treatment.
